Childhood obesity increases the risk of adulthood obesity and is associated with other adverse health outcomes later in life. It may be influenced by environmental characteristics of neighborhoods where children live, particularly dietary supplyrelated environmental factors. This study aimed to systematically review the evidence on the association between access to convenience stores and childhood obesity. We searched and filtered relevant literature in PubMed, Embase, Web of Science, and Cochrane Library published before 1 January 2019. Data on the basic characteristics of studies, measures of access to convenience stores, and associations of convenience stores with weight-related behaviors and outcomes were extracted from 41 included studies. In general, the density of and proximity to convenience stores in children's residential and school neighborhoods were positively associated with unhealthy eating behaviors. However, their associations with children's weight status
| INTRODUCTION
Obesity is a major health issue for children and adolescents worldwide. 1 As a leading cause of morbidity and premature mortality, obesity is linked to various adverse health outcomes, such as hypertension, diabetes, heart disease, stroke, sleep apnea, osteoarthritis, and certain types of cancer. It is also linked to various social and psychological problems. 2, 3 Childhood and adolescent obesity is more likely to persist into their adulthood. 4 In 2010, about 43 million children, or 6.7% of children or adolescents worldwide, were estimated to be with overweight or obesity. This number is predicted to reach 60 million (9.1%) by 2020. 5 Neighborhood environment is often linked to personal characteristics to affect individual weight status through behaviors. 6 For example, a number of studies have revealed the important influence of dietary supply-related environmental factors on children's body weight through food purchasing and consumption. [7] [8] [9] The access to convenience stores is one such obesogenic environmental factor. A convenience store, convenience shop, or corner store is a small retail business that stocks a range of everyday items, such as groceries, snack foods, confectionery, soft drinks, tobacco products, overthe-counter drugs, toiletries, newspapers, and magazines. It may be located alongside a busy road, in an urban area, near a railway station, in a gas/petrol station, or at a transport hub. They differ from general stores and village shops in that they are not located in a rural location and are used as a convenient supplement to larger stores.
Convenience stores usually charge significantly higher prices than conventional grocery stores or supermarkets; however, they make up for this loss by having longer business hours, serving more locations, and having shorter cashier lines. Usually, they provide access to high-fat food, sugary drinks, fast food, take-away or snack food, and other unhealthy food options. 10, 11 Previous research has reported mixed associations between convenience store access and childhood obesity. For example, the association between the density of convenience stores around a home with children's weight status was reported to be positive, [12] [13] [14] [15] negative, 16, 17 and not significant in different studies. [18] [19] [20] Similarly, the association between the proximity to convenience stores around a home with children's weight status was reported to be positive in some studies [21] [22] [23] but not significant in other studies. [24] [25] [26] [27] [28] [29] To our knowledge, there has been no literature review focusing on the association between convenience store access and childhood obesity.
To fill this gap, this systematic review comprehensively investigated the association between convenience store access and weightrelated behaviors and weight status. We aimed to study potential patterns across all relevant studies by examining the characteristics of studies showing positive, negative, and nonsignificant associations.
Also, subgroup analyses were conducted to examine the variation of this association by location, type of measures, and country. Findings from this study may inform future research and urban planning practices and policies to pay more attention to this type of food outlet, while creating healthy (food) environments and fighting the global obesity pandemic.
| METHODS
A systematic review was conducted in accordance with the Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA). 30 
| Search strategy and literature screening
A literature search was conducted in PubMed, Embase, Web of Science, and Cochrane Library for all studies published prior to 1 January 2019. The search strategy included all possible combinations of three groups of keywords related to convenience stores, children, and weight-related behaviors or outcomes (eg, diet, physical activity, and adiposity measures) (Appendix S2). Duplicate studies were removed before the screening process. Study selection took place in three phases. In phase 1, titles and abstracts were reviewed independently by two authors (J.X. and R.W.). The disagreement between two authors resulted in a third review and inclusion decision by L.Z. In phase 2, full-text articles were obtained for abstracts that met the inclusion criteria, also for abstracts from which inclusion could not be determined. Each article was independently assessed by two authors (J.X. and R.W.) using the same inclusion criteria, and the disagreement was reconciled by L.Z. The agreement on inclusion was reached through discussion. In phase 3, the reference section of each included study was reviewed to identify additional studies that met inclusion criteria.
| Study selection criteria
Studies that met all of the following criteria were included in the review: (1) study subject: children and adolescents aged <18; (2) study outcome: weight-related behaviors (eg, diet intake, physical activity, and sedentary behavior) and/or outcomes (eg, overweight and obesity measured by body mass index [BMI, kg/m 2 ], BMI z-score, waist circumference, waist-to-hip ratio, and body fat); (3) study design: longitudinal studies, cross-sectional studies, and randomized controlled trial (RCT); (4) article type: peer-reviewed publications; (5) time of publication: from the inception of an electronic bibliographic database to 31
December 2018; and (6) language: written in English.
Studies that met any of the following criteria were excluded from the review: (1) studies that incorporated no measure of access to convenience stores or weight-related behaviors/outcomes; (2) computerbased simulation studies without the inclusion of human participants; (3) articles not written in English; or (4) letters, editorials, study/review protocols, or review articles.
| Data extraction and preparation
A content abstraction form was used to collect key data on each publication included in the review, including author(s), year of publication, study area, sampling strategy, sample size, age at baseline, study design, followup years, number of repeated measures, attrition rate, sample characteristics, statistical model, measure(s) of convenience store access, other environmental factors adjusted for in analyses, measures of weight-related behaviors, measures of body weight status, and key findings on the association between convenience store access and weight-related behaviors and/or outcomes. Two authors (J.X. and R.W.) independently extracted data from each included study, and discrepancies were resolved by L.Z.
Bias ratings were assigned to each article in accordance with the guidelines of the Cochrane risk of bias assessment tool, 31 which outlines qualifications for high, low, or unclear risk of bias. For our included studies, biases considered included "incomplete outcome data" (ie, attrition bias), "selective reporting" (ie, response bias), and "other" categories of the tool.
In cases that an author was uncertain about the level of risk for any of these categories, L.Z. provided an additional review of the article and assigned the final rating.
| Study quality assessment
We used the National Institutes of Health's Quality Assessment Tool for
Observational Cohort and Cross-Sectional Studies to assess the quality of each included study. 31 This assessment tool rates each study on the basis of 14 criteria (Appendix S3). For each criterion, a score of 1 was assigned if "yes" was the response, whereas a score of 0 was assigned otherwise (ie, an answer of "no," "not applicable," "not reported," or "cannot determine"). A study-specific global score ranging from 0 to 14 was calculated by summing up scores across all criteria (Table S7) . The study quality FIGURE 1 Study exclusion and inclusion flowchart assessment helped to measure the strength of scientific evidence but was not used to determine the inclusion of studies.
| RESULTS

| Study selection
The process of inclusion and exclusion was shown in Figure 1 . The initial search identified 783 abstracts for screening across databases.
After excluding abstracts that were repeated across databases, 403 unique abstracts were reviewed. Through title and abstract screening, 343 articles were further excluded. The full texts of the remaining 60
articles were reviewed against the study selection criteria. Of these, 19 articles were excluded. The remaining 41 studies that met our inclusion criteria were included.
| Study characteristics
The basic characteristics of 41 included studies were summarized in Table 1 . Although the earliest study dated back to 2007, the majority 
| Measures of convenience store access
The access to convenience stores in most studies was measured as the number/density of convenience stores within an administrative unit (or a catchment) and/or the proximity to the nearest convenience store in straight-line or road-network distances (Table 2) . Data on convenience stores were mainly defined according to the North American Industry Classification System (NAICS) codes and obtained from geographic information systems (GISs) data sources or spatialized according to street addresses or (x,y) coordinates, such as Yellow Pages directories and InfoUSA. • School addresses were obtained from the NAHSIT data and transferred to a geocoded database using a Geo Gadget designed by the Center for GIS, Academia Sinica, Taiwan
• Region (Hakka; mountainous; Eastern; Penghu; Northern 1-3; Central 1-3; Southern 1-3)
• Conducted face-to-face household interviews to obtain information regarding nutritional attitudes and behaviors, as well as physical activity and diet • The Youth Healthy Eating Index-Taiwan (YHEI-TW), a scoring system modified from the US YHEI, was used to assess the children's dietary quality
• Anthropometrics conducted at the schools • Neighborhood environments were characterized using a geographic information system (GIS) for area overlapping 500-m network buffers centered on the child's residential address
• Neighborhood characteristics (disadvantage, prestige, and presence of parks, and fast food restaurants)
• Intake of sugar-sweetened beverages was measured using mean values of three 24-h diet recalls 52 • Density of and distances to the food outlets measured using GIS • GIS neighborhood variables were created uniquely for each participant using buffers centered at the participant's home address • Densities were calculated using 1600-m buffers centered at a participant's home and dividing • Food outlets within 800 m from each child's home were computed using a GIS
• Greengrocers; supermarkets; fast food outlets; restaurants, cafés, and takeaway outlets
• Parents were asked how often their child usually ate 14 different fruits or types of fruit and 13 different vegetables or types of vegetables in the last week, excluding potatoes. These items were adapted from the National Nutrition Survey
• NA Note. CS, convenience store; GISs, geographic information systems; SIC code, Standard Industrial Classification code; straight-line buffer, a regular (eg, circular) zone with a certain radius around a given address/location or a street to represent a catchment or influential area of that address/location or street; road-network buffer, an irregular zone around a given address/location where it covers the same distance (or takes the same time) to travel from any point on the boundary of the zone to that address/location along the shortest road-network path. • The overall association between number of CS within ½ mile of schools and children's body weight was 0.004 BMIz units per additional store within ½ mile (95% CI, −0.002 to 0.009) using the traditional multilevel model and 0.004 BMIz units per additional store (95% CI, 0.001-0.007) using the HDLM
• BMI-CS associations were strongest in urban and suburban ADs, although the relevant distances for the associations were greater in more central-city areas than suburban areas Chen (2016) 33 • For boys, the analysis indicated a positive association between quantity of CS in neighborhood and their BMI level • The distance to convenience/gas stations was significantly (rho = −0.1634, 0.03) related to the MetS cluster score and HDL-C (rho = 0.1562, 0.03) • Males showed no significant association, yet females had a negative association between the MetS cluster score and the distance to CS increased (β = −0.0003, 0.05) NA Epstein (2012) 14 • Living in reduced access to CS would be predicted to have 1.3-fold greater BMIz reduction more than 2 y than those living in an area with easy access ≥10 CS • Number of CS (0.014) was significant predictors of BMIz over time beyond the effects of treatment condition • Greater BMIz reduction was associated with living in environments with low number of CS at 6 (0.0065) and 12 (0.018) months • These analyses showed BMIz differences for −0.31 vs −0.24 BMIz units for access to no versus ≥10 CS
• CS offers access to take-away or snack foods and was correlated with increased obesity in prior studies and negatively impact weight control
Fiechtner ( 16 • Children living in areas with at least one CS had lower BMIz (β = −0.303; 95% CI, −0.451 to −0.155)
• Contrary to our expectations, presence of CS was associated with lower BMI zscores but not with waist-height ratio following adjustment for potential confounders. An explanation for these findings may be the use of a "crude" classification that categorizes fast food restaurants and convenience stores as unhealthy food sources as opposed to healthy food sources Gilliland (2012) 37 • The indicators for "presence of CS" in the home environment had no significant effect on the outcome variable (0.190, P > 0.05) NA Grafova (2008) 38 • Children living in a neighborhood with higher CS density were more likely to be overweight (OR = 1. • The presence of a CS <800-m network buffer of a school is predicted to increase the percentage of overweight students by 3.5% (95% CI, 1.9-5.2), and near a school is NA (Continues) • The number of CS increased significantly across quartiles of obesity for 3-to 4-yearold children • Rates of childhood obesity were highest in communities with more CS
• CS is associated with early childhood overweight and may be a source of excess calories for children in low-income households Langellier (2012) 47 • The association between the presence of a corner store and overweight prevalence differed significantly between majorityLatino schools and schools that were majority-white or that had no racial/ethnic majority • Overweight prevalence was 1.6 percentage points higher at majority-Latino schools that had at least one corner store within a half-mile than at majority-Latino schools that did not have a corner store within a half-mile NA (Continues) 
| Convenience store access and weight-related behaviors
Among 11 studies that reported the association between convenience store access in the neighborhood and weight-related behaviors, findings were rather consistent: Nine reported a positive association, two reported no significant association, and none reported a negative association. For girls and children living in lowincome neighborhoods, convenience store access was positively associated with unhealthy eating behaviors (eg, eating/snacking out and consumption of fast food, sugar-sweetened beverage, and delivered/take-out foods). A positive association was found in most studies in the United States and the United Kingdom while no significant association was found in Canada and East Asia (Table 3) .
| Convenience store access and weight status
Among 30 studies that reported the association between convenience store access and weight status, findings were relatively mixed. Most of the US studies showed a positive association between convenience store access and weight status. For example, nine studies reported a positive association between proximity from home to the nearest convenience store and weight status, although two large-sample studies showed no significant associations. Also, three studies reported a positive association between proximity from school to the nearest convenience store and weight status, although four studies with smaller sample sizes showed no significant associations. In Canada, two studies showed a negative association and four studies showed no association. In Australia, Ireland, and the United Kingdom with similar demographic characteristics, four studies reported both positive and negative associations. No significant associations were found in East Asia region.
The association between the density of convenience stores within home (school) neighborhoods and children's weight status was found to be positive in four (five) studies and not significant in four (three) studies. The distance from school to the nearest convenience store was positively associated in four studies and not significantly associated in six studies; studies revealing the positive association had a larger total sample size (4 538 019) than those reporting no significant associations (55 401). Subgroup analyses found a positive association between convenience store access and weight status of Latin, Black, or Asia children in five studies, between distance from home to the nearest convenience store and weight status of girls in four studies, and between convenience store access within home neighborhoods of children living in low-income areas in two studies (Table 4) .
| DISCUSSION
Research on the association between the access to convenience stores and childhood obesity has rapidly increased, but there has not been any review on this association. After reviewing 41 included studies conducted in eight countries, our study showed that there was a strong association between convenience store access and weightrelated behaviors among children and adolescents. In contrast, associations between convenience store access and children's weight status were rather mixed in the United States and the United Kingdom and were generally not significant in East Asia and Canada. Considering different demographic characteristics of samples, measures of convenience store access, and statistical methods used in those studies, results of the included studies were sufficiently robust for us to arrive at several important findings.
Inadequate intake of vegetables and fruits, excessive intake of highfat foods, sugary drinks, fast food, take-away foods, snacks, and insufficient physical exercise were shown to be important factors in weight control failure, leading to weight gain and overweight or obesity. The living habits and food intake behaviors of children tended to be particularly susceptible to environmental factors. Nine studies from five countries found a positive association between convenience stores access and unhealthy weight-related behaviors, which indicated that convenience stores distributed around schools or homes did have an impact on children. The sociodemographic characteristics in those studies further showed that girls and children living in low-income areas were more vulnerable to the adverse effects of convenience stores in terms of unhealthy dietary behaviors. In contrast, it is difficult to drawing general conclusions about the association between convenience store access and children's weight status, which have varied across regions.
The convenience store could be a contradictory locale in contexts of obesogenic environmental research. It could provide healthy and/or unhealthy food, which may vary in different levels of contexts, from regulations at the national/regional food and business policies to the availability of other types of food outlet in the neighborhood. For example, when supermarkets and appropriate grocery stores convenience stores are available in the neighborhood, convenience store could be a risk factor for overnutrition. In case that relatively healthy food outlets are not available, convenience stores may be a risk factor due to unhealthy food they provide. However, convenience stores in that case may become an important source of fruits and vegetables, which often happens in many neighborhoods in China. Also, the variation of the food provided in convenience stores across regions could be larger than that in most type of food outlets, as many of them are self-operated without coordination from above (eg, supermarket or restaurant chain). The studies included in this review were mainly from developed countries and regions. More research needs to be conducted in developing countries and regions where environmental factors may play a different role in shaping children's behaviors and consequently body weight. The definition of the convenience store should be more clearly described in every future study.
There were some limitations in the included studies that need to be acknowledged, which also suggest future research in several directions.
First, measures of the access to convenience stores varied across studies and usually took place at only one scale, which has weaken the comparability among studies. Also, the variation in the outcome measures further prevented us from conducting meta-analyses. We suggest future research to be conducted at multiple scales for various widely used behavioral and obesity outcomes, to increase the comparability among studies. 58, 59 Second, the majority of the studies included were cross-sectional with few longitudinal studies and RCTs. The increasing use of the advanced spatial and big data approaches will lead to more frequent measurement of food environments for longitudinal study designs and linkage to follow-up health data. [60] [61] [62] [63] Finally, none of the included studies examined the pathway from convenience store accessibility to childhood obesity through unhealthy dietary behaviors.
Accessibility only represents availability and is not equal to affordability or acceptability, not to mention children-convenience store interaction in the real world. 64, 65 Therefore, future research should test the validity of measures of exposure to food environments, such as children's journeys through the food environment, as well as food purchasing and consumption behaviors, which will aid in effective control of childhood overweight and obesity through, for example, school food policies and interventions. behaviors. Also, research on pathways from convenience store access to childhood obesity is needed to allow multiple stakeholders to design effective interventions and policies for prevention of childhood obesity.
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